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A generally horizontally-oriented quartz CVD cham- 
ber (10) is disclosed with front and rear chamber divider 
plates (16, 18) adjacent a centrally positioned susceptor (20) 
and surrounding temperature control ring (22) which divide 
the chamber into upper and lower regions. Improvement 
to the lifetime of CVD process components and related 
throughput improvements are disclosed. A getter plate (30) 
for attracting some of the unused reactant gas is positioned 
downstream from the susceptor extending generally paral- 
lel to and spaced between the divider plate and the upper 
chamber wall. This getter plate also minimizes deposition 
on the chamber walls and improves the efficiency of a clean- 
ing step. Reradiating elements are also located adjacent side 
walls of the chamber to heat cooler chamber wall areas. The 
getter plate and the reradiating elements plus the susceptor 
and surrounding ring are all made of solid chemical vapor 
deposited SiC to improve the life of the chamber. Also, 
thermocouples (34) adjacent the susceptor are provided with 
SiC sheaths to enable the thermocouples to withstand more 
process cycles than that of quartz sheaths. SiC shields may 
be provided on quartz components throughout the cham- 
ber to protect the quartz from devitrification. Throughput 
is improved by both reducing down time and reducing the 
cleaning step time of the process cycle. 
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•I- 

LONG LIFE HIGH TEMPERATURE PROCESS CHAMBER 

Field of the Invention 

This invention relates to apparatus for the high temperature processing of substrates and, more particularly 
to chemical vapor deposition (CVD) of materials on semiconductor wafers in a CVD reactor. 

Background of the Invention 
Generally, in CVD reactors, the material being deposited not only deposits on the wafer, as is desired, but 
some material, not necessarily the same as that on the wafer, is also deposited on the reactor chamber walls and 
other parts within the reactor, notably the wafer support and a ring positioned around the wafer support in many 
reactors. Periodically, in order to maintain a repeatable process, the chamber has to be cleaned. Such chamber 
cleaning typically occurs by heating the wafer support, chamber walls and other parts to a suitably high temperature 
and admitting a flow of a halogen containing gas, for example Hcl. 

Reactors for epitaxial deposition commonly employ a susceptor and a surrounding ring which helps to control 
the temperature of the susceptor. These components are usually made from graphite and coated with silicon carbide 
(SiC). Eventually, the Hcl etch will penetrate the SiC coating which will cause rapid deterioration of the properties 
of the deposited films. Hence, they must be replaced. One type of well-known reactor employs thermocouples 
adjacent the ring for sensing the temperature of the rings surrounding the susceptor, which in turn is an indirect 
measure of the temperature of the susceptor and a wafer positioned on it.. These thermocouples are usually 
sheathed with quartz. Frequent thermal cycling of the quartz to temperatures in excess of 100Q°C causes 
devitrification of the quartz sheath and failure of the thermocouples, thus requiring replacement. 

Commonly, the chamber is formed of quartz. A problem in high temperature chemical vapor deposition 
operations is that reactant gases may coat the interior of quartz chamber walls. Coatings on the chamber walls can 
have a number of undesirable aspects including the flaking of particles off the walls and the need for more frequent 
cleaning of the chamber. Some of the material depositing on the quartz chamber wails may not be etched away 
when the chamber is cleaned. If sufficient deposits gather, the quartz chamber locally loses its transparency and 
will heat rapidly by radiation from the lamps conventionally positioned adjacent the exterior of an upper chamber wall 
and adjacent the exterior of a lower chamber wall. This eventually requires the need to wet clean or even to replace 
the quartz chamber. 

If the chamber walls become too hot, the reactant gases can deposit on the walls in similar fashion to 
depositing on a wafer. Quartz is the material of choice for chamber walls because quartz is to a large extent 
transparent to the heat energy provided by the lamps. As the wafer, the susceptor and the surrounding 
compensation ring are heated by this radiant energy, they reradiate energy back towards the chamber walls. Some 
of this reradiated energy has a wave length at which a significant portion of the energy is absorbed by the quartz 
chamber walls. Consequently, to maintain the temperature of the walls below that at which deposition on the walls 
will occur, it is customary to flow air or other coolant across the lamps and adjacent chamber walls. This cooling, 
however, can cause some sections of the chamber walls to be maintained at temperatures at which reactant gases 
can condense on those cooler areas. Other chamber components, such as a spider used to support the susceptor 
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and a stand used to support the ring, are also commonly made of quartz and are therefore subject to the same 
problems of devitrification and exposure to processing gases. 

The need to replace susceptors, rings, thermocouples, chambers and various other chamber components 
naturally results in down-time for the reactor and significant costs for replacement components. In addition, there 
is significant time and expense in returning the reactor to the condition to provide the desired film properties on the 
wafers being coated. 

It is an object of this invention to significantly extend the life of the components within the CVD chamber. 
It is a further object of this invention to decrease the amount of deposits on the chamber walls and some 
components in the CVD chamber to extend their life. It is also an object to increase the cleaning efficiency of the 
cleaning agent. Related to the last two objects, it is a further object of this invention to reduce down time and 
hence increase throughput. 

Summary of the Invention 

In accordance with the invention, there is provided a chemical vapor deposition reactor for the processing 
of semiconductor wafers wherein the life of the chamber and of all the internal components is extended and matched 
to the life of the process chamber by proper choice of infrared absorbing and nonabsorbing parts/materials. In one 
arrangement, the chamber is in the form of a horizontally oriented quartz tube divided into an upper region and a 
lower region by a front divider plate, a susceptor surrounded by a temperature compensation or slip ring, and a rear 
divider plate. In the upper region, the flow of reactants is introduced to cause the growth of silicon or other material 
on a wafer positioned on the susceptor. In the lower region of the reactor, a purge gas is introduced to keep the 
reactive gases from diffusing or flowing into the bottom part of the reactor. 

To minimize the deposition of unused reactant gases on the chamber walls downstream from the susceptor, 
surfaces are positioned in the gas stream to cause some of the unused reactants to deposit on them rather than 
on the adjacent chamber walls. The surfaces are made of infrared light absorbing material that can withstand high 
temperatures, such as silicon carbide. In one arrangement, the surfaces are on a plate that extends generally parallel 
to the gas flow and is spaced bBtween the rear chamber divider plate and the upper wall of the chamber so that 
both the upper and lower surfaces of this so-called getter plate are exposed to the unused reaction gases. Also, 
the plate reradiates energy in a broader spectrum including wave lengths more readily absorbed by the quartz walls. 
Positioning the plate close to the upper chamber wall maximizes that effect. By properly controlling the temperature, 
this arrangement minimizes the deposition or condensation on the cooler, adjacent quartz chamber wall, and improves 
the cleaning of the wall too, thereby extending the life of the chamber. 

Another technique for minimizing deposition on quartz chamber walls in this manner is to position a shield 
or heat absorber adjacent the chamber of walls that tend to be to cool or otherwise tend to receive the most 
deposition or condensation. This can vary for differing chamber configurations. For example, in some chambers, 
walls surrounding a susceptor may benefit from the use of such shields. In addition to lengthening the life of the 
chamber, such shields can minimize particle problems due to the flaking of deposition coating. Further, doping of 
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subsequent wafers as a result of leftover dopant in the deposit on the chamber is also minimized. Blockage of the 
radiant heat through the chamber walls surrounding the susceptor restricts cooling on the edges of the chamber. 

Mounted adjacent the susceptor are one or more thermocouples having an external sheath more durable than 
quartz, such as silicon carbide. Silicon carbide does not devitrify or wear out upon high temperature cycling and, 
thus, the life of the thermocouple sheath is greatly extended over that of previously used quartz sheaths. Because 
silicon carbide might react unfavorably with the thermocouple, a thin quartz or other nonreacting material sleeve is 
positioned over the thermocouple junction within the silicon carbide sheath. 

Silicon carbide shields are provided throughout the chamber to protect quartz reactor components from 
devitrification. In one embodiment, a silicon carbide cap is provided over a quartz sheath covering a central 
thermocouple, thereby protecting the quartz from the processing gases. Silicon carbide shields may also be used to 
cover, either partially or fully, other quartz components, such as the quartz spider supporting the susceptor or the 
quartz stand supporting the slip ring. 

The susceptor and the ring surrounding the susceptor are both made of a material such as solid silicon 
carbide rather than silicon carbide coated graphite. The life of solid CVD silicon carbide components is about five 
times that of silicon carbon coated graphite components. This extended He is about the same as the life of the 
reactor chamber employing the getter plate as described above. It is expected that the silicon carbide sheathed 
thermocouples and quartz components shielded with silicon carbide will last for a similar period of time. As a result, 
it is believed that the above improvements in the lifetime of the internal reactor components and the quartz chamber 
can improve the maintenance frequency on the reactor from about 1,500 to 4,000 wafers to more than 20,000. 

Brief Description of the Drawings 
Figure 1 is an exploded perspective view of the improved chamber of the invention together with its 
improved internal components. 

Figure 2 is a cross-sectional view of the chamber of Figure 1. 

Figure 3 is an enlarged cross-sectional view of the thermocouples seen in Figure 1. 

Figure 4 is a cross-sectional view showing the thermocouple support and the thinness of the susceptor and 

ring. 

Figure 5 is a fragmentary, cross-sectional view of another form of wafer support. 

Figure 6 is a cross-sectional view of a central thermocouple having a silicon carbide cap. 

Figures 7a-b are schematic views of the interior of a generally circular chamber with heat absorbers 
adjacent the chamber walls surrounding the susceptor. 

Detailed Description of the Preferred Embodiment 

Referring to Figures to 1 and 2, there is illustrated an elongated generally flat rectangular chamber 10 made 
of quartz. The chamber includes a flat upper wall 10a, a flat lower wall 10b joined by a pair of short vertical side 
walls 10c. A thickened inlet flange 12 extends across the gas inlet end of the chamber attached to the chamber 
walls. A similar gas outlet flange 14 is shown on the downstream end of the chamber attached to the chamber 
walls. 
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.4. 

The chamber is divided into an upper section 15 and a lower section 17 by a flat front or upstream divider 
plate 16 and a rear, downstream plate 18 extending between the chamber side walls 10c, generally parallel to the 
upper and lower walls. The divider plates 16 and 18 are supported by supports 19 formed on the side walls 10c, 
or by supports (not shown) extending upwardly from the chamber bottom wall. The rear chamber divider plate is 
in approximately the same plane as the front plate. The chamber is further divided by a generally flat circular 
susceptor 20 and a surrounding ring 22, sometimes referred to as a temperature compensation ring or a slip ring 
(to prevent crystallographic slip). For best results, the thermal mass per unit irradiated area of the slip ring should 
be similar to that of the susceptor. Depending on the particular configuration, the optimum slip ring and thermal 
mass may be somewhat larger or smaller than that of the susceptor. Experimentation is suitable to identify the 
optimum. The susceptor and the slip ring are also positioned in substantially the same plane as the divider plates 
18 and 16, as best seen in the cross-sectional view of Figure 2. 

The susceptor 20 is supported by a spider 24 having three arms extending radially outwardly from a central 
hub and having upwardly extending projections on the ends of the arms engaging the susceptor. The susceptor may 
also be provided with one or more recesses (not shown) on its lower surface for receiving the ends of the projections 
so as to centrally position the susceptor and to form a coupling for rotating the susceptor. The spider is mounted 
on a schematically shown tubular shaft 26 which extends through the chamber lower wall 10b and also extends 
through a quartz tube 27 attached to and depending from the lower chamber wall. The shaft is adapted to be 
connected to a drive (not shown) for rotating the shaft, the spider and the susceptor. Details of one such an 
arrangement together with a drive mechanism may be seen in U.S. Patent No. 4,821,674 which is incorporated by 
reference. The ring 22 is shown supported by a stand 23 resting on the lower chamber wall 10b. Alternatively, 
the ring may be supported on ledges extending inwardly from the chamber side walls or on ledges extending from 
the divider plates 16 and 18. 

Positioned downstream from the susceptor and the ring is a getter plate 30 supported on a plurality of pins 
31 extending upwardly from the rear chamber divider plate 18. The getter plate extends generally parallel to and 
approximately mid-way between the upper chamber wall 10a and the divider plate. One or more of these plates 
could be used. The plate can be shaped to tailor the gas flow dynamics of the system. Acceptable results have been 
obtained with a single flat plate. However, to someone skilled in the art, the optimization of the shape of the plate 
is straight forward. Also optionally positioned downstream from the susceptor are shields or heat absorbers 32 
positioned on each side of the getter plate and adjacent downstream portions of the side walls 10c. In addition, 
shields or heat absorbers 33 may be employed on each side of the central area of the chamber adjacent the central 
portions of the side walls 10c. The elements 33 may not be needed because the silicon carbide ring 22 adjacent 
the chamber walls has considerable heating effect on these adjacent chamber walls. These elements 32 and 33 may 
be held in position by any suitable means. For example, the elements 32 might be positioned by the pins 31, and 
spaced slightly from the chamber side walls 10c. If desired, projections may be mounted on the chamber side walls 
and on the downstream plate 18 to position the elements 32 slightly spaced from the side walls. Similarly, the 
elements 33 may rest on supports on the chamber lower wall 10b between the chamber side walls 10c and the 
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stand 23 positioned by suitable supports mounted on the side walls to space the upper end of the element 33 
slightly from the side walls. 

The elements 32 and 33 are preferably made of silicon carbide, or graphite coated with silicon carbide, or 
other suitable heat-absorbing material. The purpose of the elements 32 and 33 is to absorb some heat to minimize 
the deposition of materials on the chamber walls. Reduced deposition means reduced particle problems due to flaking 
of coatings on the chamber wall. Further, doping of wafers as the result of leftover dopant and deposits on the 
chamber is minimized. Also, blockages of radiant heat affecting wafer temperature directly by way of a temperature 
control loop are also minimized. 

While the elements 32 and 33 are illustrated as thin plates that are somewhat co-extensive with the 
adjacent side walls, other conf igurations may be employed. For example, thicker but vertically shorter elements could 
be employed in that the elements are primarily heat absorbers and then reradiators of heat to the side walls thus 
minimize cooling in the chamber edges. Thus, the shorter, thicker portions would also tend to increase the 
temperature of the adjacent chamber walls even though they are not co-extensive with the wall. 

Figure 7a schematically illustrates a series of silicon carbide pieces 62 adjacent the side wall 63 of a CVD 
chamber having a generally circular configuration. A series of short, straight pieces 62 are illustrated, but of course 
longer curved portions 64 can be utilized such as in Figure 7b. These pieces 62 are supported in a suitable manner 
adjacent to the side chamber wall such as on suitable quartz pins (not shown) supported on a quartz chamber flange 
65. Figure 7b schematically illustrates a chamber having a dome shaped upper wall 66. 

A cleaner chamber of course leads to better process results for the reasons mentioned above. Further, a 
cleaner chamber does not have to be pulled as frequently thus less downtime, and a chamber which has to be 
cleaned less frequently will last longer because of the reduced wear caused by the cleaning process. 

A pair of thermocouples 34 are shown on opposite sides of the ring 22, with the thermocouples extending 
generally parallel to the chamber side walls 10c. The thermocouples are positioned beneath and supported by the 
ring 22, as best seen in Figure 4, which shows each thermocouple extending through a tubular portion 22a of the 
ring. One may also position the thermocouples in close proximity to the slip ring, depending on the allowable 
temperature reading error. Referring to Figure 3, each thermocouple 34 includes an outer sheath 35 surrounding a 
ceramic support 37 that has a pair of thermocouple wires 36 extending therethrough and forming a junction 36a. 
Additionally, a small quartz sleeve or cap 40 extends over the thermocouple junction 36a to shield it from the sheath, 
in the event the sheath is not chemically compatible with the thermocouple wires. Alternatively, a boron nitride 
coating can be used on the wires. 

Preferably a thermocouple junction 36a is located at each of the forward or upstream corners of the ring 
22. Also, it is desirable that one or two additional thermocouple junctions be positioned in each sheath 35, with 
the junction of a second pair of wires being located adjacent the rear or downstream corners of the ring 22. Also, 
a junction could be located between the upstream and downstream corners. In addition, a similar thermocouple 38 
is shown extending upwardly through the tubular shaft 26, with its tip located close to the center of the susceptor 
20. 
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Both the susceptor and the surrounding ring are formed to have a very low thermal mass. Preferably, the 
susceptor has mass comparable to that of a semiconductor wafer which it is to support, say within a factor of 
three. The susceptor may be formed as one piece as shown in Figure 4 or as two pieces as shown in Figure 5. 
This includes an outer support ring 42 having a lower inwardly extending flange supporting a central flat disc 44. 
The ring further includes an edge having three to six raised lips 42b for supporting a wafer 45 that fits within the 
ring 42. The lips space the wafer from the disc 44. The end of one spider arm projection 24a is shown positioned 
in a groove 42a in the lower surface of the ring 42. 

In accordance with the invention, the susceptor, the ring and the getter plate are all made from a material 
which can withstand the CVD processing as well or better than that of SiC coated graphite. The thermocouple 
sheaths are made from a material which does not devitrify. The material should be a good absorber of radiant 
energy from the susceptor and the heating lamps 46, schematically illustrated in Figure 2. Further, the material must 
be a reasonably good thermal conductor and be able to withstand the high temperatures encountered in CVD 
processing over a large number of cycles. This also includes the ability to withstand the thermal shock that 
repeatedly occurs with the placing of a relatively cold wafer on a hot susceptor. In addition, the material must be 
durable and compatible with the various materials employed in the deposition process, as well as, the various 
chemicals employed in cleaning or etching, and it must have excellent chemical stability. The prime material meeting 
those qualifications in chemistries typically used for Si or Si-Ge epitaxy is silicon carbide. Thus, the susceptor and 
its surrounding ring are preferably made of solid silicon carbide as opposed to the prior art approach of using graphite 
coated with silicon carbide. Further, the ring and the susceptor as well as the getter plate and the thermocouple 
sheaths are preferably formed of CVD silicon carbide. This enables the susceptor and the ring to be used through 
many more heating cycles than the previously used silicon carbide coated graphite components. Since the 
temperature downstream of the susceptor is less than on the susceptor, the getter device may last longer than the 
other elements of the system. The silicon carbide thermocouple sheath can withstand many more cycles than the 
previously used quartz sheaths. 

The life of the reactor components is also improved by providing shields of silicon carbide at specific 
locations throughout the chamber. Deposition of material on quartz pieces (like Si) can lead to premature failure of 
the quartz. Shielding critical areas with SiC prevents deterioration of the quartz, thereby extending the life of the 
process chamber. It will be appreciated that silicon carbide shields may be provided wherever quartz is found in the 
chamber, such as the spider 24, the stand 23, thermocouples 34 and 38, and any other suitable locations, so long 
as the silicon carbide does not substantially interfere with the operation of the chamber. 

Referring to Figure 6, one embodiment for protecting quartz components with a silicon carbide shield is 
shown with reference to the central thermocouple 38. The thermocouple 38 comprises thermocouple wires 50 
surrounded by a quartz sheath 52. A silicon carbide cap 54 is provided over the quartz sheath 52 to protect the 
thermocouple 38 from processing gases that tend to deposit on the tip of thermocouple, and to insulate the quartz 
sheath from the effects of the etch process which is used to remove the process gas deposits. 
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Silicon carbide shields such as the cap 54 shown in Figure 6 are preferably formed from a simple geometric 
construction adapted to fit over the corresponding quartz component to isolate the component either partially or fully 
from the processing gases of the chamber. Because silicon carbide components are generally relatively expensive 
and difficult to form into complex shapes, the use of simple geometries, such as caps, flat plates, L-shapes, U-shapes, 
Tshapes and various other planar, curved and curviplanar shapes, minimizes the cost of manufacture and simplifies 
the overall manufacturing process. This further enables the complex components of the chamber to be formed from 
quartz, which is relatively inexpensive and easy to machine and weld. Thus, in the chamber 10 illustrated in the 
preferred embodiment of Figures 1 and 2, components such as the thermocouples 34 and 38, the spider 24 and the 
stand 23 are preferably manufactured using quartz and are then capped with a simply constructed silicon carbide 
shield. 

In addition to silicon carbide, other materials that may be satisfactory are boron nitride, silicon nitride, 
silicon dioxide, aluminum nitride, aluminum oxide, combinations or ternary compounds or quaternary compounds of 
these materials, pyrolytic graphite and other similar high temperature ceramic compounds. The silicon carbide 
components may be made by a combination of CVD of SiC and material removal techniques. Examples of such 
techniques are discussed in U.S. Patents 4,978,567 and 5,514,439 incorporated herein by reference. 

Operation 

In operation, two gas flows are introduced into the reactor. In the upper part, the flow of reactants is 
introduced through the inlet flange 12 to cause the growth of silicon or other material on a wafer positioned within 
a central recess in the upper surface of the susceptor. In the bottom part of the reactor, a purge gas is introduced 
through the inlet flange to keep reactant gases or cleaning gas from flowing into the bottom part of the reactor 
through the small gaps between the ring and the divider plates and between the susceptor and the ring. The 
downstream end of the lower chamber region is blocked by a plug or wall 48 so that the purge gas is forced to leak 
through the gaps to the upper chamber outlet, thereby minimizing the possibility of gas from the upper chamber 
flowing into the lower one. 

Unused reactants flowing downstream from the susceptor and ring are deposited on both sides of the getter 
plate of Figure 1, thereby minimizing deposition on the upper quartz wall of the reactor. The getter plate, in addition 
to receiving deposition itself, reradiates energy towards the cooler upper chamber wall, including energy in a wave 
length range in which a significant portion will be absorbed by the quartz walL The pieces positioned against the 
side wall work in similar fashion. It should be noted that it is important to position those elements close to the 
surface desired to be heated to maximize the radiation being absorbed. 

Likewise, in the arrangements of Figure 7, the silicon carbide pieces are located so as to heat the 
surrounding side chamber wall and the peripheral portion of the upper dome wall 66. In a dome-type chamber, gas 
flow can be downwardly from the center of an upper chamber wall or can be horizontally across the chamber. In 
the latter situation, a horizontally wide but vertically short slot (not shown) is formed in the side wall of the 
chamber, and there would be no need or desire to have the silicon carbide pieces in that area, but they are desirable 
around the remainder of the periphery of the chamber side wall including adjacent a gas outlet slot (not shown). 
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Maintaining the chamber warm during a chamber cleaning cycle also maximizes the etch efficiency of a cleaning 
agent such as Hcl. 

As a result of the foregoing techniques, the life of the process chamber is significantly extended, estimated 
to increase from about 10,000 wafers to more than about 20,000 wafers. Further, by protecting the components 
5 in the lower portion of the chamber, the quartz spider and the quartz stand for the ring also have extended life and 
need not be replaced any more frequently than the chamber itself. Further, it is possible that silicon carbide or other 
mentioned materials could be used for those components. 

As noted, the susceptor, surrounding ring and the thermocouple sheaths are also manufactured from solid 
silicon carbide, like the downstream getter plate. Solid silicon carbide is not appreciably attacked by an Hcl chamber 
10 etch at high temperatures. The life of solid silicon carbide components is estimated to be about 20,000 wafers 
which is about five times that of silicon carbide coated graphite components (about 3,000 to 4,000 wafers). This 
balances the fife of the light absorbing susceptor and ring with that of the reactor chamber. Further, it is anticipated 
that'the thermocouple sheaths will last approximately that long, or longer. Consequently, the improvements in 
lifetime of the internal reactor components and quartz chamber can improve the maintenance frequency on the reactor 
15 from a maximum of about 1,500 to 4,000 wafers to about 20,000 wafers. 

Longer life of the reactor components and process chamber, or course, results in lower consumable costs. 
Likewise, longer intervals for preventive maintenance result in less down time and less reactor tuning. Less reactor 
tuning also results in lower use of monitor wafers. Thus, it can be seen that this integrated chamber system 
provides very significant benefits. 
20 While the invention has been described in connection with a particular chamber and related components, 

the invention also applies to other chamber shapes and components. 
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WHAT IS CLAIMED IS : 

1. Chemical vapor deposition apparatus for the processing of substrates such as semiconductor 
wafers comprising: 

a process chamber having quartz walls and having an inlet for receiving deposition gases; 
a solid silicon carbide susceptor positioned in the chamber to receive a wafer; 
a silicon carbide ring closely surrounding the susceptor; and 

a silicon carbide getter plate positioned downstream from the susceptor and the ring to receive 
deposition of unused reactant gas. 

2. The apparatus of Claim 1 including a silicon carbide sheathed thermocouple extending adjacent the 
susceptor to monitor susceptor temperature. 

3. The apparatus of Claim 2, wherein said thermocouple extends generally straight 

4. The apparatus of Claim 3, wherein a silicon carbon sheathed thermocouple is positioned on 
opposite sides of the susceptor and each extend towards the downstream end of the chamber. 

5. The apparatus of Claim 1 r including a tubular shaft supporting said susceptor and a thermocouple 
extending upwardly through said shaft and terminating sufficiently close to the susceptor to provide input regarding 
the temperature of the susceptor in that location. 

6. The apparatus of Claim l f including a divider plate extending upstream from the ring in the 
approximate plane of the ring and the susceptor; 

a divider plate downstream from the susceptor and ring extending across the chamber and 
generally in the plane of the susceptor and ring, said chamber being divided into an upper section and a 
lower section by the divider plates, the ring and the susceptor. 

7. The apparatus of Claim 6, including a reactant gas inlet in said chamber opening into said upper 
section, and a purge gas inlet opening into said lower sections. 

8. The apparatus of Claim 7, including a gas outlet from said upper section and means blocking a 
downstream end of said lower section so that purge gas is forced to exit upwardly through gaps between 
components into the upper sections. 

9. The apparatus of Claim 1, wherein a central thermocouple disposed below the susceptor comprises 
a quartz sheath covered by a silicon carbide cap. 

10. The apparatus of Claim 1, including one or more elements positioned in said chamber adjacent said 
chamber walls to absorb radiant energy from heating lamps which is transmitted into said chamber through said 
quartz walls and to reradiate energy to heat said adjacent chamber walls to minimize the coating of said deposition 
gases on said adjacent chamber walls. 

11. The apparatus of Claim 10, wherein said elements are located adjacent the chamber walls on 
opposite sides of said getter plate. 

12. The apparatus of Claim 10, wherein said elements are made of silicon carbide 

1 3. A chemical vapor deposition apparatus comprising: 
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a reaction chamber having a reactant gas inlet; 

a generally planar susceptor in the chamber for supporting a semiconductor wafer; and 
a silicon carbide getter plate positioned downstream from the susceptor, the plate being generally 
parallel to the susceptor in a plane between the plane of the susceptor and an adjacent quartz chamber 
wall so that unused reactant gases flow adjacent both sides of the plate to cause unused reactants to 
deposit on the plate rather than on the adjacent chamber wall. 

14. The apparatus of Claim 13, wherein the chamber is generally horizontally oriented and includes 
a forward plate upstream from the susceptor and a divides plate downstream of the susceptor dividing the chamber 
into upper and lower sections, and said getter plate is spaced above said divider plate. 

15. The apparatus of Claim 13, including one or more elements positioned adjacent side walls of said 
chamber, said elements being made of material which is a better heat absorber than the side walls of the chamber. 

16. The apparatus of Claim 15, wherein said elements are positioned adjacent chamber walls on 
opposite sides of said getter plate. 

17. The apparatus of Claim 13, wherein said elements are made of silicon carbide. 

18. A chemical vapor deposition apparatus for the processing of substrates such as semiconductor 
wafers comprising: 

a process chamber having quartz walls; 

a susceptor in said chamber for receiving a wafer; 

a ring closely surrounding the susceptor; 

a quartz chamber divider plate extending upstream from the ring in the approximate plane of the 
ring in the susceptor; 

a quartz plate downstream from the susceptor and ring extending across the chamber and 
generally in the plane of the susceptor and ring, said chamber being divided into an upper section and a 
lower section by the divider plates the ring and the susceptor; 

a getter plate positioned downstream from the susceptor and the ring extending generally parallel 
to and spaced above the downstream divider plate; and a thermocouple extending adjacent the susceptor 
to monitor susceptor temperature; 

said susceptor, said ring, said getter plate and an outer sheath of said thermocouple being formed 
of material which can withstand the high temperature and thermal shock encountered in CVD processing 
for a much longer time than silicon carbide coated graphite components, and which is compatible with the 
environment encountered in CVD processing. 

19. A chemical vapor deposition apparatus, comprising a thermocouple for use in a chemical vapor 
deposition process chamber, said thermocouple including thermocouple wires; a quartz sheath surrounding the wires; 
and a silicon carbide cap exposed over the quartz sheath. 

20. A deposition apparatus for the processing of substrates, comprising: 
a process chamber having quartz walls; and 
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one or more elements adjacent one or more areas of said side walls, said elements being made 
of material which is a better absorber than quartz of radiant energy from heating lamps so that said one 
or more elements absorb said radiant energy and reradiate energy which will be absorbed by said one or 
more wall areas to minimize deposition of gases on said one or more wall areas. 

21. The apparatus of Claim 20, including a susceptor within said chamber and wherein said one or 
more elements are located between said susceptor and said one or more side wall areas. 

22. The apparatus of Claim 20, wherein said chamber has an upper dome wall with a central section 
through which radiant energy is transmitted from heating lamps above the dome wall, said elements being located 
to reradiate energy towards the periphery of the dome wall. 

23. The apparatus of Claim 20, including a susceptor for receiving a substrate, said chamber having 
an inlet for introducing reactant gas into the chamber and to flow across a substrate positioned on said susceptor, 
said chamber having side walls downstream from said inlet, and wherein said one or more elements are positioned 
adjacent one or more of said walls downstream from said inlet. 

24. A method of minimizing deposition of reactant gases on the interior wails of a quartz chamber, 
said method comprising positioning one or more elements adjacent one or more interior side walls of said chamber 
to absorb radiant energy used to heat a substrate mounted on a susceptor in the chamber so as to maintain the 
temperature of said one or more walls at a level to minimize coating of said gases on said one or more walls. 

25. A thermocouple for a chemical vapor deposition process chamber, comprising: 
thermocouple wires; 

a quartz sheath surrounding the wires; and 

a silicon carbide cap disposed over the quartz sheath. 



WO 99/23276 



PCT/US98/23205 



1/5 




WO 99/23276 



2/5 



PCT/US98/2320S 




WO 99/23276 



PCT/US98/23205 




WO 99/23276 



4/5 



PCI7US98/23205 




WO 99/23276 



PCT/US98/23205 




FIG. 7b 



INTERNATIONAL SEARCH REPORT 



Intefnaujnal Application No 

PCT/US 98/23205 



\. CLASSIFICATION OF SUBJECT MATTER , 

IPC 6 C23C16/44 G01K1/12 C23C16/48 



According to International Patent Classification (IPC) or to bom national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classiflcatton system followed by classification symbols) 

IPC 6 C23C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 315 092 A (TAKAHASHI MITSUKAZU ET 
AL) 24 May 1994 
see claims 11,17-20 



US 4 592 307 A (JOLLY STUART T) 

3 June 1986 

see claim 1; figure 2 

WO 95 31582 A (PROCESSING TECHNOLOGIES INC 
AG) 23 November 1995 
see page 6, line 28 - page 7, line 17; 
figure 2 

MO 97 06288 A (ADVANCED SEMICONDUCTOR MAT) 
20 February 1997 



19,25 

2-4 
20,21 

1,13,18 



□ 



Further documents are listed In the continuation of box C. 



0 



Patent family members are fisted in annex. 



* Special categories of cited documents : 

■A" document defining the general state of the art which is not 

considered to be of particular relevance 
•E" earlier document but published on or after the International 

filing date 

V document which may throw doubts on priority claim(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



"T" later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document la combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

M &* document member of the same patent family 



Date of the actual completion of the International search 



3 March 1999 



Date of mailing of the international search report 



16/03/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentiaan 2 
NL-2280HVRIJSWi|k 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorized officer 



Patterson, A 



Form PCT/lSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Inter nal Application No 

PCT/US 98/23205 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


US 5315092 


A 


24-05-1994 


JP 2780866 B 
JP 4148545 A 


30-07-1998 
21-05-1992 


US 4592307 


A 


03-06-1986 


NONE 




WO 9531582 


A 


23-11-1995 


US 5493987 A 
IL 113745 A 
JP 10501099 T 


27-02-1996 
10-06-1997 
27-01-1998 



W0 9706288 A 20-02-1997 AU 6645596 A 05-03-1997 

EP 0852628 A 15-07-1998 



I 

Form PCT/1SA/210 (patent tamfly annex) (July 1 992) 



